Background
==========

Colorectal cancer is the third most commonly diagnosed cancer (excluding skin cancer) and the second most common cause of cancer death in the US \[[@B1],[@B2]\]. Increased life expectancy has led to elevating the mean age of the patients at the time of diagnosis of colon cancer and subsequent treatment \[[@B3],[@B4]\]. Since surgical techniques and multimodality treatments have improved over the years, improved rates of postoperative complications after colostomy have been achieved \[[@B5]-[@B12]\]. Minimally invasive surgery has demonstrated better postoperative recovery also elderly subjects, but no significant improvements have been reached in survival for these patients. Indeed, postoperative survival in the geriatric population is lower in the first year equaling that of the younger population at 5 years \[[@B13]\]. This group of patients presents higher rate of comorbidities that may affect their postoperative course. Actually, the indication for surgery in elderly subjects is not depending on patients' age but by the identification and correction of known preoperative risk factors that may determine a higher rate of complications or mortality.

The aim of this study was to assess whether elderly patients significantly differs in complications and outcomes compared with younger. We examined the potential different distribution of preoperative (i.e. comorbidities), operative (i.e. surgical techniques), and post operative variables to bring the proven benefits in postoperative recovery, and analyze the factors that may influence these results.

Methods
=======

We retrospectively analysed a database containing the information about patients who underwent surgery for stage I-III colorectal cancer from January 2004 to January 2012 at our institution. Patients which emergency surgery was needed for an accompanying complication such as cancer perforation or failure of the self-expanding stent insertion in patients with colorectal cancer obstruction, cases in which colorectal cancer had invaded an adjacent organ or required a multiorgan surgery, and cases in which curative resection could not be performed were excluded from the study. Patients with metastatic tumors were also excluded from the analysis.

Preoperative characteristics were obtained regarding age, gender, BMI, ASA score, and comorbidities. Pathological and perioperative data regarded tumor location, type of surgical technique, operative time, blood loss, sample length, proximal and distal margin length, number of retrieved lymph nodes, tumor size, pathological differentiation and clinical stage. Postoperative data included analgesic usage, peristalsis recovery time, time until flatus, off-bed, first liquid and semi-liquid intake, and duration of hospital stay. Early and late postoperative complications were also collected.

All patients enrolled in this study were managed postoperatively by the same group of surgeons. Patients were supported by infusions in the very first several hours after surgery. After confirmation of the peristalsis recovery, liquid diet was supplied. Semiliquid diet was considered suitable for patients after report of flatus. Patients were given patient-controlled anesthesia (PCA) or short-acting drugs to control pain. Prophylactic antibiotics were used during 24-72 hours after surgery and prolonged if there was any indication of infection. The catheter was removed as early as possible except for patients with tumors located in the lower region of the rectum.

One month after surgery and every three months thereafter, physical examination, laboratory markers levels were assessed. At patient visit, symptoms were recorded and wound scars examined. Either ultrasonography or CT scan of the abdomen, in addition to chest X-ray was performed every 6 months whereas total colonoscopy was performed every year.

Statistical analysis
--------------------

Patients were divided in 2 groups according to their age (young patients aged equal or less 65 years old and elderly patients older than 65 years) and differences on variables collected were obtained. Categorical data were presented as frequencies and percentage and compared by the Chi-square test. Parametric and nonparametric continuous data were presented as mean and standard deviation and evaluated by the Student\'s t test and Mann-Whitney U test respectively. A *P-*value of 0.05 was considered as significant. All calculations were performed by using the SPSS software package version 17.0 (SPSS Inc., Chicago, IL).

Results
=======

A total of 446 patients were enrolled and analyzed in this study. Of these patients operated during the study period, 211 were equal or younger than 65 years and 235 were elderly with a mean age in the two groups of 54.6±6.6 and 76.5±6.7, respectively. No significant differences were found in the majority of the demographic parameters between the two patients groups although elderly patients were more likely to be female (*P* = 0.015), with high ASA score (*P* = 0.003) and with higher rates of minor comorbidities (*P* = 0.002) (Table [1](#T1){ref-type="table"}).

Pathological parameters listed in Table [2](#T2){ref-type="table"} showed no significant differences among the two groups except that elderly receiving chemotherapy were about half than younger patients (*P* \<0.001).

###### 

Demographic data.

  ------------------------------------------------------------------
                                   ≤65\         \>65\        *P*
                                   (n=211)\     (n=235)\     
                                   n (%)        n (%)        
  -------------------------------- ------------ ------------ -------
  Gender                                                     0.015

  Male                             115 (54.5)   101 (43)     

  Female                           96 (45.5)    134 (57)     

  BMI                                                        0.027

  Under/normal weight              115 (54.5)   155 (66)     

  Overweight                       69 (32.7)    63 (26.8)    

  Obese                            27 (12.8)    17 (7.2)     

  ASA score                                                  0.003

  1                                97 (46)      69 (29.4)    

  2                                58 (27.5)    93 (39.6)    

  3                                52 (24.6)    67 (28.5)    

  4                                4 (1.9)      6 (2.6)      

  Preoperative comorbid diseases                             

  Cardiovascular                   77 (36.5)    114 (48.5)   0.065

  Respiratory                      12 (5.7)     24 (10.2)    0.080

  Hepatic cirrhosis                6 (2.8)      8 (3.4)      0.735

  Renal failure                    8 (3.8)      18 (7.7)     0.082

  Cerebral infarction              5 (2.4)      9 (3.8)      0.377

  Diabetes                         25 (11.8)    30 (12.8)    0.769

  Autoimmunal                      1 (0.5)      1 (0.4)      0.939

  Others                           12 (5.7)     34 (14.5)    0.002
  ------------------------------------------------------------------

###### 

Pathological parameters.

  ----------------------------------------------------------------
                               ≤65\         \>65\        *P*
                               (n=211)\     (n=235)\     
                               n (%)        n (%)        
  ---------------------------- ------------ ------------ ---------
  Tumor location                                         0.830

  Colon                        129 (61.1)   146 (62.1)   

  Rectum                       82 (38.9)    89 (37.9)    

  Tumor size (cm, mean ± SD)   4.4 ± 1.3    4.5 ± 1.5    0.595

  Lymph nodes retrieved        12.2 ± 4.6   12.2 ± 4.7   0.994

  Grade                                                  0.303

  Low                          168 (79.6)   196 (83.4)   

  High                         43 (20.4)    39 (16.6)    

  pT                                                     0.121

  pT1                          20 (9.5)     33 (14)      

  pT2                          52 (24.6)    65 (27.7)    

  pT3                          63 (29.9)    75 (31.9)    

  pT4                          76 (36)      62 (26.4)    

  pN                                                     0.965

  pN0                          105 (49.8)   118 (50.2)   

  pN1                          69 (32.7)    78 (33.2)    

  pN3                          37 (17.5)    39 (16.6)    

  TNM stage                                              0.915

  I                            39 (18.5)    47 (20)      

  II                           66 (31.3)    71 (30.2)    

  III                          106 (50.2)   117 (49.8)   

  Chemotherapy                 136 (64.5)   76 (32.3)    \<0.001
  ----------------------------------------------------------------

Major differences have been found regarding intraoperative data and postoperative outcomes (Table [3](#T3){ref-type="table"}). Indeed, although no differences of surgical treatment have been established between young and elderly patients, the latter had significant longer time first passing flatus (3.6 ± 2.3 *vs*. 3 ± 2.1 days, *P* = 0.004), time of first bowel motion (5.3 ± 2.4 *vs*. 4.7 ± 2.7, *P* = 0.017), time to resume normal diet (6.9 ± 2.4 *vs*. 5.1 ± 2.1, *P* \<0.001), time to walk independently (5.9 ± 3.8 *vs*. 5.1 ± 3.7, *P* = 0.026), and hospital stay (12.2 ± 3.8 *vs*. 11.4 ± 2, *P* = 0.008).

###### 

Intraoperative data and postoperative outcomes.

  ------------------------------------------------------------------------------------------------------
                                                               ≤65\            \>65\           *P*
                                                               (n=211)\        (n=235)\        
                                                               n (%)           n (%)           
  ------------------------------------------------------------ --------------- --------------- ---------
  Type of operation                                                                            0.694

  Laparoscopic                                                 111 (52.6)      128 (54.5)      

  Open                                                         100 (47.4)      107 (45.5)      

  Operative time (minutes)                                     161.8 ± 39.7    160.1 ± 36.6    0.633

  Blood loss (mL)                                              117.8 ± 106.6   121.2 ± 109.5   0.741

  Postoperative analgesic requirement (number of injections)   7.3 ±3.7        7.6 ± 3.6       0.327

  Time first passing flatus (days)                             3 ± 2.1         3.6 ± 2.3       0.004

  Time of first bowel motion (days)                            4.7 ± 2.7       5.3 ± 2.4       0.017

  Time to resume normal diet (days)                            5.1 ± 2.1       6.9 ± 2.4       \<0.001

  Time to walk independently (days)                            5.1 ± 3.7       5.9 ± 3.8       0.026

  Hospital stay (days)                                         11.4 ± 2        12.2 ± 3.8      0.008
  ------------------------------------------------------------------------------------------------------

Intraoperative complications did not differs between young and old patients whereas some differences have been found in postoperative and late complications related with surgery (Table [4](#T4){ref-type="table"}). Among the major differences, elderly patients suffered more by ileus (*P* = 0.024), peritonitis or septic shock (*P* = 0.017), pelvic abscess (*P* = 0.028), wound infection (*P* = 0.031), and incisional/port herniation (*P* = 0.012) compared with younger patients. Moreover, systemic complication were even more frequent than surgery-related. Indeed, elderly patients suffering by cardiovascular, renal, and respiratory complication (4.7 to 10.6%) were at least twice than younger patients (Table [4](#T4){ref-type="table"}). Furthermore, none of young patients had tromboembolism whereas the 2.1% of elderly had (*P* = 0.033). The multivariate analysis assessing the odds of having a systemic complication revealed that older age (Odd Ratio \[OR\] 2.75, 95% Confidential Interval \[CI\]: 1.67-4.52) and open surgery (OR 1.63, 95% CI: 1.01-2.62) are significantly and independently associated with having a complication (Table [5](#T5){ref-type="table"}). Regarding local complications, elderly patients had 3.18 odds (95% CI: 1.71- 5.89) of having local complication compared with younger patients.

###### 

Early and late complications for colorectal cancer.

  ----------------------------------------------------------------
                                    ≤65\       \>65\       *P*
                                    (n=211)\   (n=235)\    
                                    n (%)      n (%)       
  --------------------------------- ---------- ----------- -------
  Intraoperative complications                             

  Massive haemorrhage (\>1000 ml)   1 (0.5)    1 (0.4)     0.939

  Organ injury                      1 (0.5)    3 (1.3)     0.369

  Others                            1 (0.5)    0 (0)       0.291

  Post-operative complications                             No

  Ileus                             6 (2.8)    18 (7.7)    0.024

  Anastomotic haemorrhage           2 (0.9)    4 (1.7)     0.490

  Abdominal haemorrhage             2 (0.9)    0 (0)       0.135

  Peritonitis/septic shock          1 (0.5)    9 (3.8)     0.017

  Pelvic abscess                    1 (0.5)    8 (3.4)     0.028

  Wound infection                   3 (1.4)    12 (5.1)    0.031

  Incisional/port herniation        0 (0)      7 (3)       0.012

  Systemic complications                                   

  Cardiovascular                    3 (1.4)    11 (4.7)    0.049

  Renal                             1 (0.5)    11 (4.7)    0.006

  Respiratory                       11 (5.2)   25 (10.6)   0.036

  Neurological                      3 (1.4)    1 (0.4)     0.265

  Hepatic                           3 (1.4)    1 (0.4)     0.265

  Urinary tract problems            5 (2.4)    16 (6.8)    0.027

  Cerebral infarction               2 (0.9)    4 (1.7)     0.490

  Thromboembolism                   0 (0)      5 (2.1)     0.033
  ----------------------------------------------------------------

###### 

Multivariate analysis of systemic complication.

                      Systemic complications   
  ------------------- ------------------------ ---------
  Age                                          
  ≤65                 1                        
  \>65                2.75 (1.67-4.52)         \<0.001
  Type of operation                            
  Laparoscopic        1                        
  Open                1.63 (1.01-2.62)         0.044

^a^Adjusted for sex, BMI, TNM stage, tumor location, size and grade

As expected, the 3-year and 5-year survival rates were both higher for younger patients. Indeed, patients ≤65 years old were significantly more than patients \>65 year after 3-year (82.9% *vs*. 74.5%, *P* = 0.03) and 5-year (76.3% *vs*. 67.7%, *P* = 0.043) follow-up.

Discussion
==========

Elderly patients represent a high percentage of patients diagnosed and treated for colon cancer due to the progressive increase in life expectancy with a consequent population aging. The results from published studies have focused on assessing differences in the outcomes obtained in such patients \[[@B13]-[@B15]\]. In our study we wanted to assess whether the benefits of colon surgery offers security and equal outcomes (in terms of complications) for elderly patients than those observed in younger patients, and the factors that may determine the observed differences. In the group of elderly patients we have objectified a higher percentage of local postoperative complications, mostly due to a higher number of surgical wound infections, as well as general complications, caused by urinary and respiratory infections (probably due to the removal of later catheterization and lower patient mobilization) that may influence the increase of hospital stay in the ICU admissions. Moreover, elderly patients had higher rates of cardiovascular and respiratory complications compared with younger patients. In our series, elderly patients had partially a higher incidence of associated comorbidities compared with younger, thus the higher morbidity rate in patients older than 65 years only partially maintained relationship with the prevalence of hypertension, diabetes mellitus, heart disease (significant percentage of arrhythmias and valvular disease, both degenerative diseases), and chronic bronchitis, and a worsening of the health status of older patients have been observed irrespectively of their previous conditions.

Another important finding of our study is that complications are significantly associated also with surgical technique even after adjustments with age. Several works have established the benefits of the laparoscopic approach compared with open surgery \[[@B7]-[@B11]\]. However, in our cohort, we observed a substantial association of complications with patients' age even in those who underwent laparoscopid-assisted colectomy. Thus, we can not dismiss the importance of comorbidity in these patients because although still benefit from the advantages offered by the laparoscopic approach, have a higher incidence of postoperative complications than younger patients, probably largely related to the higher rate of comorbidities.

After analyzing our data, we failed in detecting potential preoperative factors that could allow us to identify a priori those patients at high risk for postoperative complications. In example, although the ASA score have been found to be higher in elderly patients (as it depends on the age and serious systemic diseases such as heart disease not incapacitating or decompensated diabetes mellitus), it was not significantly associated with higher rates of complications. Furthermore, no other preoperative factors (sex, diagnosis, staging of the lesion) or intraoperative (surgical time, blood loss, type of surgery or need for conversion to open surgery) have shown in our analysis that could consider candidates to be predictors of postoperative outcome of these patients although significant different distributions of such variables among young and old patients have been found.

Conclusions
===========

In our series, elderly patients have presented a slight higher incidence of comorbidity that may affect the incidence rates of postoperative complications. These results have implications in increasing the hospital stay as well as a higher rate of death. However, preoperative comorbidity rates alone can't explain the worse outcomes in old patients. The elderly patient should be consider as a "fragile" patient and further research is needed to assess potential measure to avoid postoperative complications as well as to prolong his lifespan.
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